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Population and Noncompartmental Pharmacokinetics
of Sodium Oxybate Support Weight-Based Dosing

in Children and Adolescents With Narcolepsy With
Cataplexy

Cuiping Chen'*, Carol L. Rosen?, Chad Ruoff®, Leslie H. Boyce®, Rupa Parvataneni', Katie Zomorodi', Scott Brantley®, Mark Sale®
and Giuseppe Plazzi®’

The pharmacokinetics (PKs) of sodium oxybate (SXB) was evaluated in a subset of participants from a study of SXB treatment in
children (aged 7-11 years; n=11) and adolescents (aged 12-17 years; n = 18) with narcolepsy with cataplexy. PK evaluation was
conducted over 2 nights during the period when participants received a stable nightly SXB dose. The SXB dose on night 1 was
half of night 2 and was administered in two equally divided doses: dose 1 was administered > 2 hours after the evening meal,
and dose 2 was administered > 4 hours after dose 1. Noncompartmental PK analysis demonstrated higher plasma concentra-
tions post-dose 2 vs. post-dose 1, higher than dose-proportional increases in area under the concentration-time curve from
0 to 4 hours (AUC,_,,) after dose 1, indicating nonlinear clearance, and better correlation between exposure and mg/kg than
exposure and gram dose. To confirm the noncompartmental findings, identify factors affecting SXB PK, and compare with prior
results in adults, a population PK (PopPK) model was established combining PK data from the current study with prior data from
adults (132 healthy volunteers and 13 with narcolepsy). A two-compartment PopPK model with first-order absorption and non-
linear clearance from the central compartment described the data well. PopPK identified weight as the main intrinsic factor and
food as the main extrinsic factor affecting SXB PK, and predicts similar PK profiles on a mg/kg basis across ages. These results,
along with previously reported efficacy and safety outcomes, support weight-based SXB dose initiation in pediatric patients.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
The pharmacokinetics (PKs) of sodium oxybate (SXB)
has been studied in adults but not in pediatric patients.
WHAT QUESTION DID THIS STUDY ADDRESS?

The study addressed (i) whether the PKs of SXB in
pediatric participants is similar to what is known in adults
and (ii) whether the PK data support weight-based dosing.
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
Noncompartmental analysis demonstrated nonlin-
ear clearance of SXB, approximately linear increases in
maximum plasma concentration (C__ ) and area under

max:
the concentration-time curve (AUC) with mg/kg but not

Narcolepsy is an incurable life-long neurologic disorder es-
timated to affect 0.02-0.18% of the population worldwide."
Narcolepsy commonly begins in childhood, with most adults
reporting first symptoms between 5 and 15 years of age.2
The core symptoms of narcolepsy are excessive daytime

gram dose, and lower peak plasma concentrations with
the first dose > 2 hours after eating vs. with the second
dose. Population PK analysis demonstrated that SXB had
common PK attributes in adults and pediatric individuals;
weight was the main intrinsic and food the main extrinsic
factor.

HOW MIGHT THIS CHANGE CLINICAL PHARMACOL-
OGY OR TRANSLATIONAL SCIENCE?

The close association between SXB plasma concen-
trations and mg/kg dosage supports the weight category-
based dosing regimen implemented and approved for
SXB.

sleepiness (EDS), cataplexy, sleep paralysis, sleep-related
hallucinations, and disrupted nighttime sleep. Patients may
have type 1 or type 2 narcolepsy; the main difference is that
type 1 narcolepsy is characterized by cataplexy, which usu-
ally manifests as short-term loss of muscle tone in adults,
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whereas type 2 narcolepsy is not associated with cataplexy.’
In pediatric patients, cataplexy may manifest as complex
movement disorders.* The symptoms of narcolepsy confer a
substantial burden of iliness in adults and children, severely
affecting quality of life.>®

The treatment of narcolepsy is based on symptoms
and includes anticataplectics, traditional stimulants, and
wake-promoting agents.*”® Sodium oxybate (SXB), the so-
dium salt of gamma-hydroxybutyrate, is a central nervous
system depressant whose oral solution dosage form is recog-
nized in the United States and Europe as a standard of care
for the treatment of adults with narcolepsy.>® Multiple ran-
domized trials demonstrated the efficacy and safety of SXB
in the treatment of EDS and cataplexy in this population.'®'?
The recommended dosing schedule for adults with narco-
lepsy is to initiate SXB at 4.5 g nightly, divided in two doses
2.5-4 hours apart, and increase the dose by 1.5 g per night at
weekly intervals to the effective dose range of 6-9 g/night.'*

Until recently, no drugs were approved for the treatment
of EDS and cataplexy in children and adolescents with nar-
colepsy. In a placebo-controlled, double-blind, randomized,
multicenter study of children and adolescents with narco-
lepsy with cataplexy, the efficacy, safety, and tolerability of
SXB were found to be comparable with those previously
demonstrated in adults.’® This study led to the approval
of SXB for the treatment of EDS and cataplexy in children
and adolescents (aged > 7 years) with narcolepsy.'* Similar
to adult dosing, SXB is administered in children and ad-
olescents in two divided nightly doses at least 2.5 hours
apart. In pediatric patients, the recommended starting dose
(2—4.5 g per night), titration regimen (1-1.5 g per night), and
maximum nightly dose (6-9 g/night) are based on the pa-
tient’s weight category (20 to < 30 kg, 30 to < 45 kg, and
> 45 kg)."* As in adults, individual titration is recommended
based on efficacy and tolerability to optimal dose.'

The pharmacokinetics (PKs) of SXB was characterized
in healthy adults and adults with hepatic impairment, al-
cohol dependency, and narcolepsy.'*'®2" SXB was well
absorbed (absolute oral bioavailability, 88%) and was mainly
eliminated from the body via metabolism, with only 5% ex-
creted unchanged in the urine. SXB metabolism begins
primarily via conversion to succinic acid in two enzymatic
steps: the primary pathway involves the cytosolic NADP*-
linked enzyme gamma-hydroxybutyrate dehydrogenase,
which catalyzes the conversion of gamma-hydroxybutyr-
ate to succinic semialdehyde, which is then metabolized
by succinic semialdehyde dehydrogenase to succinic acid.
Succinate then enters the tricarboxylic acid cycle and is
eventually breathed out as carbon dioxide.14 This is part of
the reason for a dosage reduction in patients with hepatic
impairment,14 in whom metabolism may be reduced, and
(because metabolism is saturable) explains why exposure
increases more than proportionally with increasing doses. A
2-fold greater SXB dose resulted in a 3.7-fold increase in ex-
posure, as measured by area under the concentration-time
curve (AUC), indicating nonlinear PK.'* A combination of
rapid clearance and a relatively small volume of distribution
results in a short elimination half-life of < 1 hour, which may
partially explain the short duration of action of SXB,?! ne-
cessitating twice-nightly dosing. Dosing SXB immediately
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after a high-fat meal reduced maximal concentration (C
by 59% and AUC by 37%.'

The PKs of SXB in children and adolescents with narco-
lepsy has not been previously characterized. The objectives
of this PK study were (i) to characterize the PK of SXB in a
subset of participants from the study of SXB in children and
adolescents with narcolepsy with cataplexy'?; (i) to develop
a structural population PK (PopPK) model to confirm the
characteristics of SXB in pediatric patients compared with
adults; and (jii) to identify intrinsic and extrinsic covariates in
the model that contribute to PK variability. The PK character-
ization and PopPK analysis would ultimately help to support
the proper dose regimen in pediatric patients with narcolepsy.

max)

METHODS

Overall study design

In the double-blind, placebo-controlled, randomized with-
drawal study conducted at 30 sites in 5 countries, the
efficacy and safety of SXB oral solution were evaluated in
pediatric participants (aged 7-16 years at screening) with
narcolepsy with cataplexy.'® Following screening, patients
who were naive to SXB underwent titration to a stable dose
over 3 to 10 weeks (Figure 1). For SXB-naive participants,
a weight category-based dosing regimen was used for ini-
tiation, titration rate, and maximal nightly dose (Table S1).
SXB doses were administered by or under the supervision
of qualified study site personnel. Participants took SXB
diluted with 60 mL of water and/or flavorant, followed by
180 mL of water. The actual timing of each administered
dose was recorded. During titration, the dose of SXB was
adjusted for each SXB-naive participant according to the
investigator’s clinical judgment. The optimal dose for each
SXB-naive patient was the one that improved the frequency
of cataplexy attacks and achieved stability in cataplexy fre-
quency and severity without need for further adjustments.
Once the optimal dose was defined during the titration pe-
riod, that regimen was continued during the stable-dose
period. Participants who were already taking SXB at study
entry did not undergo dose titration, but instead continued
their usual dose and proceeded to the stable-dose period
directly after screening. Participants subsequently entered
a 2-week double-blind period and then an open-label pe-
riod for up to 52 weeks on study.

The study wasregistered at ClinicalTrials.gov (NCT02221869)
and was conducted in accordance with the Declaration of
Helsinki. All participants provided assent and their parent(s) or
guardian(s) gave written informed consent in accordance with
local institutional review board/independent ethics committee
requirements before the performance of any study-related
procedures.

PK study design

A subset of 29 participants from the entire study population
(N = 106) underwent PK evaluation while they were consis-
tently taking a stable dose of SXB during the open-label
periods of the study (Figure 1). These participants spent
2 nights in the clinic. On PK night 1, they received approxi-
mately half their nightly stable SXB dose. On PK night 2, they
returned to the clinic and received their full stable dose. Each
night, SXB was administered as two equally divided doses,
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Figure 1 PK study design in context of overall study. A pre-planned interim analysis of 35 participants showed that efficacy was
achieved (P = 0.0002) based on the primary end point (change in weekly cataplexy attacks). Therefore, the double-blind randomized
withdrawal period was terminated early, and participants entered the open-label period from the stable-dose period (dashed lines).
SXB, sodium oxybate; PK, pharmacokinetics. *Indicates times when PK data could be collected. Adapted from Plazzi et al.’®

given while in bed at bedtime (dose 1) and 4 hours later (dose
2). Participants were required to eat a light dinner > 2 hours
before dose 1. Following the light dinner, no food was allowed
until the following morning. Water was allowed at night but
could not be taken 1 hour before or after dosing (60 mL of
water to dilute the dosing solution, immediately followed by
180 mL of water, was part of the dosing). Participants were
required to remain in bed for 8 hours after dose 1. Blood sam-
ples to measure plasma SXB concentrations were collected
at 0 (predose 1), 0.75, 1.5, 2.5, 4 (predose 2), 4.75, and 8 hours
after the first dose on each night. PK samples were taken
within + 5 minutes of the specified time points. The actual
time of blood collection was recorded for all samples. SXB
concentrations in the plasma samples were determined using
a validated liquid chromatography/tandem mass spectrome-
try method according to US Food and Drug Administration
(FDA) guidance. Briefly, this method has a linear range of 1.0
to 160 pg/mL of SXB and a limit of quantitation of 1.0 pg/mL.

Noncompartmental PK analysis in pediatric
participants

PK parameters. Descriptive summary statistics were
presented for the entire PK population and by evenly splitage
groups (children 7-11 years and adolescents 12-17 years).
For each PK night, SXB concentrations were summarized
by sampling time point. Concentrations below the limit of
quantification were imputed as 0. The PK parameters for
plasma SXB concentrations included AUC from 0 to 4 hours
(AUC,_,), C\ oo @nd timeto C__ (T, ..) over the first 4-hour
dosing interval. Additionally, SXB concentrations at 4.75
and 8 hours were measured to estimate peak (pseudo C_ )
and residual exposure, respectively, after dose 2, which
was administered at 4 hours.

Dose proportionality assessment. Analyses for dose
proportionality were performed for AUC,_,, and C__ . For
each parameter, the natural log-transformed value on PK
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night 2 minus the natural log-transformed value on PK night
1 was the response variable. The estimated mean difference
and 90% confidence interval (Cl) were back-transformed to
ratio scale by exponentiation to interpret the results. A value
of 2 within the 90% CI indicated proportionality.

PopPK modeling in pediatric participants and adults.
In the pediatric study, PK sampling was performed
before dose 1 (0 hours) and at 0.75, 1.5, 2.5, 4 (before dose
2), 4.75, and 8 hours after dose 1; therefore, data for dose
1 were well-suited for noncompartmental analysis. In
contrast, as only three of those samples were collected
at dose 2, data for dose 2 could not be well characterized
by noncompartmental analysis. To address this
limitation, a separate PopPK analysis was performed to
comprehensively evaluate the full data set and to compare
pediatric and adult PK. The PopPK analysis model was
based on data pooled from the current pediatric study15
and four adult PK studies (three in healthy participants and
one in participants with narcolepsy; Table $2).'*?' SXB
oral solution was administered as a single 4.5-g dose or
multiple doses ranging from 1 to 4.5 g twice nightly.'*?’
Unlike the pediatric PK study, healthy adults and adults
with narcolepsy received a fixed SXB dose and did not
undergo initial individual titration to the PK dose.
Compartmental models were fit to SXB concentra-
tion-time data with a nonlinear fixed-effects method using
NONMEM version 7.3 (ICON, Dublin, Ireland).???* The fol-
lowing intrinsic factors were explored as covariates: age and
age category, body surface area,?® body weight, lean body
mass,26 body mass index, sex, race, and disease status
(i.e., with narcolepsy or healthy; Table S3). The following ex-
trinsic factors were explored as covariates: prandial status,
diurnal factor (i.e., time of dosing), and bioanalytical method
(Table S3). For the pediatric PK data, the first nightly dose
was considered to be in the fed state, whereas the second
nightly dose was considered to be in the fasted state.



In the PopPK model, a forward addition and backward
elimination process (using goodness-of-fit plots and change
in the objective function value (OFV)) was used to evaluate
the effect of covariates on maximum velocity/rate of metab-
olism (V) first-order absorption rate constant (K,), central
volume of distribution (V), concentration of substrate at half
Vax (K), and fraction absorbed. Continuous (body surface
area, body weight, body mass index, and age) and cate-
gorical (age category, prandial status, and diurnal factor)
covariates were tested. Covariate additions were based
on a likelihood ratio test if the decrease in OFV was > 3.84
(equivalent to P < 0.05 for x2 distribution with 1 degree of
freedom) and elimination if the increase in OFV was > 10.828
(equivalent to P < 0.001 for X2 distribution with 1 degree of
freedom). The final model was evaluated using goodness-
of-fit plots, bootstrap analysis, and visual predictive checks.

Simulations. Simulations were performed in NONMEM
version 7.3. The final validated covariate model was used
to perform simulations to assess the impact of statistically
significant covariates on SXB PK and to evaluate the clinical
relevance. Simulations were performed for a range of age
groups (child, adolescent, and adult), for a range of dosing
regimens, including fixed dose for an age range (1-4.5 g
twice nightly) and weight-based dosing (16.6-113 mg/kg),
under both fed and fasted states. The covariates from the
available human studies in all age groups were used for
the simulation by resampling, with replacement to create
the respective populations (child (7-11 years), adolescent
(12-17 years), and adult (> 18 years)).

RESULTS

PK characterization in the pediatric study
(noncompartmental analysis)

Demographic and baseline characteristics. The
demographics and baseline characteristics of the 29
participants in the pediatric PK population were similar to
those of the efficacy and safety populations in the same study,
as previously reported.15 At study entry, 37.9% of participants
were children and 62.1% were adolescents (Table 1).

Stable dose. The median stable dose was 7 g/night and
ranged from 4 to 9 g/night, or 69.8 to 225.8 mg/kg/night.

Plasma concentrations at stable dose. SXB plasma
concentrations were generally greater after dose 2 compared
with dose 1 for the equivalent postdose time points (Figure 2).

Table 1 Demographic and baseline characteristics of the PK
population

Children Adolescents
Variable (n=11) (n=18) All (n = 29)
Age?® (years) 9.0 (8-11) 13.0 (12-16) 12.0 (8-16)
Male, n (%) 9 (81.8) 13 (72.2) 22 (75.9)
Nightly dosage® 150.0 (93-226)  108.4 (70-184)  112.4 (70-226)
(mg/kg)
Weight?® (kg) 43.0 (30-78) 65.1 (39-129)  60.0 (30-129)

PK, pharmacokinetics.
#Median (range).
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Figure 2 Mean (+SD; n = 29) plasma SXB concentration-time
data by age group for participants following administration of
SXB at 4-9 g/night as two equally divided doses. Arrows indicate
the two doses administered. SXB, sodium oxybate.

The mean (SD) SXB concentration 0.75 hours after dose 1
and dose 2 was 74.7 (42.0) and 128 (49.7) ug/mL, respectively.
The mean (SD) SXB concentration 4 hours after dose 1 and
dose 2 was 29.5 (24.7) and 47.4 (44.9) yg/mL, respectively.

PK parameters based on noncompartmental analysis.
PK parameters are presented in Table 2 for children,
adolescents, and overall. Median T__, C__., and AUC,_,,
were, respectively, 0.8 hours, 109.0 pg/mL, and 267.9 pg-h/
mL in children, and 1.2 hours, 72.9 yg/mL, and 160.0 pg-h/
mL in adolescents. C, 5, was greater than Cg, in both age
groups. No formal statistical analysis was performed to
compare the PK parameters between the two age groups
due to heterogeneous doses. Rather, the effects of age and
body weight on PK were assessed in the PopPK analysis.

Exposure-dose relationship. A linear correlation was
observed between SXB exposure (C,_ . and AUC,_,,) and
dose normalized to body weight (mg/kg), but there was
no correlation between exposure and fixed-gram dose
(Figure 3). The 90% Cls of the mean ratio of within-subject
exposure for dose 2 (full dose) vs. dose 1 (half dose)
encompassed 2.00 for C_ . (children: ratio, 2.33 (90% ClI,
1.95-2.79); adolescents: ratio, 1.77 (90% CI, 1.40-2.25);
and overall: ratio, 1.97 (90% CI, 1.67-2.31)), indicating
dose proportionality, but exceeded 2.00 for AUC_,, in
children and overall (children: ratio, 3.02 (90% ClI, 2.52-
3.61); adolescents: ratio, 2.28 (90% CI, 1.84-2.82); and
overall: ratio, 2.53 (90% CI, 2.18-2.94)), indicating that
exposure was more than dose proportional (i.e., supra-
dose proportional).

PK characterization in pediatric and adult studies
(PopPK modeling)

Analysis population. The PK modeling population
comprised 174 participants: 29 (16.7%) from the pediatric
study (aged 7-16 years at screening)’® and 145 (83.3%)
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from studies of adult participants with narcolepsy (n = 13
(7.5%)) and healthy participants (n = 132 (75.9%))'*?! (Table
S2). There were 3,775 total PK observations: 333 (8.8%)

Table 2 SXB PK parameters following the stable dosage of 4-9 g/night

as 2 equally divided doses

Children Adolescents All

Parameter® (n=11) (n =18) (n=29)
Trae D 0.8 (1-2) 1.2 (1-3) 0.8 (1-3)
Cnaxe H/mL 109.0 (43-173) 72.9 (21-136) 78.8 (21-173)
AUC_yps 267.9 (112-470) 160.0 (52-406) 189.1 (52-470)

pg-h/mL
C, 75n HQ/mML 167.0 (77-220) 109.5 (24-189) 118.0 (24-220)
Cgp» HG/mL 35.3 (2-121) 26.6 (2-130) 32.6 (2-130)
AUCO_4h, area under the concentration-time curve at 0-4 hours; C, concen-

4.75h?

tration at 4.75 hours after dose 1 or 0.75 hours post-dose 2; Cg,, concentration

at 8 hours after dose 1 or 4 hours post-dose 2; Cmax,
PK, pharmacokinetics; SXB, sodium oxybate; T__ ,timeto C__ .
#Median (range).

maximal concentration;
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from pediatric participants and 3,442 (91.2%) from adults
(with narcolepsy, 326 (8.6%); healthy, 3,116 (82.5%)). One
pediatric participant was later excluded from the data set
because of unusual SXB concentrations, whose cause was
unclear, that precluded convergence of the model.

Development of compartmental model. The plasma
concentration-time data of SXB were fit to atwo-compartment
model with first-order absorption and Michaelis—Menten
clearance using NONMEM (Figure S1). The data supported
the addition of interindividual variability terms on V., K,
K, and V. Interoccasion variability was included on V.
and K_ to account for any within-participant differences in
PKs between visits. This interoccasion variability was an
empiric finding that improved the fit of the model. The final
model contained a food effect that significantly reduced K,
allometric scalars (based on body weight) on V; and V.,
pediatric and child age-category effects on V (relative to
adults, children had a 12% reduction, and adolescents had
a 22% increase), and a diurnal effect on V___ (Table S4). Eta
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Figure 3 Sodium oxybate demonstrated linear correlation of (a) C_ . and (b) AUC,_, with mg/kg dosage but not fixed-gram dose.

AUC,_,,, area under the concentration-time curve at 0
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Figure 4 Predicted food effects on sodium oxybate (a: C,,, and
b: AUC_,,,) in pediatric participants and adults. In each panel,
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AUC_,,,, area under the plasma concentration-time curve from
time 0 to 24 hours postdose; C maximum observed plasma
concentration.

max’

shrinkage values were 5.86%, 14.97%, 55.51%, 52.06%,
71.63%, 71.67%, 17.63%, and 25.34%. Epsilon shrinkage
was 4.42%. The NONMEM model performance was
considered good based on evaluation of visual predictive
checks and goodness-of-fit plots (Figure S2). SXB plasma
concentrations calculated by the model fit well with observed
values in individual patients (Figure S3).

Simulated PK. Model-based simulations demonstrated that
SXB concentrations and resulting PK parameters increased
in a supra-dose-proportional manner that was more
pronounced with AUC than C_ .. (Figure S4). Based on the
results of PK simulations, when SXB was dosed on a mg/kg
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basis, mean C_,  (after dose 2 of a twice-nightly, 4-hours-
apart regimen) and AUC from time 0 to 24 hours postdose in
children and adolescents were predicted to be 80% to 101%
of the respective mean values compared with adults, which
fall within the standard bioequivalence range of 80% to 125%.

Based on NONMEM simulations for pediatric partici-
pants and adults, C_ . values were predicted to be ~ 30%
lower after administration of SXB under fed vs. fasted con-
ditions (Figure 4). The simulated AUC values were likewise
decreased, but only by ~ 15%, and within the standard bio-
equivalence range of 80% to 125% (Figure 4). Additionally,
based on simulations, pediatric participants and adults
receiving the same gram dose had different plasma con-
centration-time profiles, whereas pediatric participants and
adults receiving the same mg/kg dosages had comparable
plasma concentration—-time profiles, including the simulated
Cg, values (Figure 5).

DISCUSSION

This is, to the best of our knowledge, the first report on the
evaluation of the PKs of SXB in pediatric participants with
narcolepsy. Noncompartmental analyses were performed
on PK data from a subset of participants from a study on
the efficacy and safety of SXB in children and adolescents.'
PopPK analyses were conducted on combined PK data
from this pediatric study' and previous adult studies'*?!
to confirm the noncompartmental results and examine the
major intrinsic and extrinsic factors that affect SXB PK.

In general, the major PK attributes of SXB (e.g., nonlinear
clearance and supra-dose proportionality) in pediatric partici-
pants were the same as reported in prior PK studies in healthy
adults or adults with narcolepsy.'*?"*” There was linear correla-
tion in the pediatric population between exposure as measured
by C., and AUC,_,, and mg/kg dosage but no correlation
between exposure and flat gram dose of SXB. These observa-
tions suggest that body weight was an important determinant
of SXB exposure in the pediatric PK population.

The PopPK analyses, with a larger total sample, con-
firmed that body weight significantly affects SXB PK (V and
V.2 @nd accounts for most of the observed differences in
PKs between pediatric participants and adults. When the
dose was normalized by weight, PopPK simulations indi-
cated that plasma concentration-time profiles, including
trough (Cg,) values, would be similar in pediatric and adult
participants at the same mg/kg dosages. Although age cat-
egories, but not continuous age, were statistically significant
covariates on V, there were no clinically meaningful differ-
ences in simulated PK profiles among age categories when
SXB was administered at similar mg/kg dosages. The mean
C,ax (after dose 2 of a twice-nightly, 4-hours-apart regimen)
and AUC from time 0 to 24 hours postdose in children and
adolescents were predicted to fall within the standard bio-
equivalence range of 80% to 125% based on simulation.
Moreover, it is expected that the PKs of SXB would be sim-
ilar in pediatric patients without cataplexy, as disease state
did not affect SXB PKs.

Because similar PKs on a mg/kg basis is expected for
pediatric participants compared with adults, these data
support treatment initiation based on body weight category
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as implemented in the pediatric study (Table S1). The rec-
ommended initiation dosing based on 3 weight categories
(20 to < 30, 30 to < 45, and > 45 kg) resulted in the same
maximal initiation dosage of 100 mg/kg and, thus, a similar
PK profile regardless of body weight. In the current label,
no specific dosing recommendation is provided for patients
aged 7 years and older with body weight < 20 kg. However,
similar PK on a mg/kg basis is likely, as comparable PK pro-
files were observed between a 2-day-old boy (< 20 kg) and a
15-year-old boy when both were administered 30 mg/kg of
SXB in’rravenously.28 Thus, this dose initiation strategy (i.e.,
maximal 100 mg/kg) would be reasonable for children with
weight below 20 kg.

In pediatric analyses, SXB plasma concentrations were
higher after the second nightly dose compared with the first
for the same time points after the first vs. the second dose
(e.g., 0.75 hour vs. 4.75 hours after first dose, assessed at
0.75 hours after the each of the two doses). Such observa-
tions were consistent with PK data in adults when the first
dose was given at bedtime and the second dose 4 hours
later.?” It is well known that fed conditions (dosed within
30 minutes after a high-fat breakfast) significantly reduce
Cohax (69%) and AUC (37%) compared with fasting condi-
tions for SXB."'7 PopPK modeling indicated that this was
largely due to a reduction of ~ 70% in K for the first nightly
dose, which was under relatively fed conditions because it
was closer to the evening meal than was the second nightly
dose. The study records support the theory of food effects
as a partial reason for lower concentrations after dose 1 than
at the corresponding time points after dose 2. The average
elapsed time between eating and dosing in the pediatric
study was about 3 hours (based on mean time of the first
dose of 9:51 pm and assumed mealtime of 7:00 pm), sup-
porting a more fed state for dose 1 than dose 2, and, thus,
lower exposure after dose 1 than dose 2. In addition to the
food effect, the greater exposure to SXB after dose 2 com-
pared with dose 1 could have resulted from “carryover”
from dose 1 to dose 2 due to a 4-hour interval between the
2 doses. The choice to treat the first nightly dose in pedi-
atric participants as “fed” and the second nightly dose as
“fasted” could have introduced a confounding factor for the
assessment of prandial and diurnal effects in PopPK mod-
eling. However, overall, a similar degree of food effect on
modeled exposure (~ 30% C_ . reduction with little effect on
AUC) was predicted from PopPK analysis for both pediatric
participants and adults. Part of the reason for taking SXB
at least 2 hours after a meal is to minimize C_ . variability
arising from varying food effects for both pediatric and adult
patients with narcolepsy. In adult healthy volunteers, taking
SXB within 30 minutes after a high-fat, high-calorie break-
fast resulted in reduction of C_ .. by 59% and AUC by 37%
compared with fasting conditions.™ A possible reason for
reduced exposure is lower gastric motility and emptying rate
under fed vs. fasted conditions.?

Consistent with adult data, both noncompartmental PK
results and PopPK modeling demonstrated a more than
dose-proportional increase of AUC (i.e., supra-dose pro-
portionality), suggesting nonlinear and saturable clearance.
Supra-dose proportionality requires caution during the dose
titration process, which was implemented in the pediatric
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study and recommended in the label through an individu-
ally tailored incremental upward titration that decreased the
frequency and severity of cataplexy attacks to a stable level
while maintaining tolerability.

Trough SXB concentrations (Cg,) around the time of awak-
ening in the pediatric PK study seemed to be more variable
within the same dosage range (median, = 100-150 mg/kg)
compared with those typically seen in adult PK studies, in
which a fixed dose of SXB (highest single dose, 4.5 g) was
administered. However, no obvious association between
higher Cg,, SXB plasma concentrations and incidences of
adverse events was observed in this s’tudy.15 Moreover, as
described previously, PopPK simulation indicated that a
similar PK profile, including Cg,,, was expected in adults and
pediatric participants following the same mg/kg dosage.
Nevertheless, as individual responses vary, caution should
be exercised by watching for alertness in the morning when
daily activities start.

In conclusion, similar PK characteristics (supra-dose
proportionality, reduced C,_ . under fed compared with
fasting conditions) for SXB were observed in children,
adolescents, and adults. Furthermore, weight was the
main intrinsic factor affecting SXB PK; when normalizing
the dose by weight (i.e., on mg/kg basis), similar plasma
concentration—-time profiles were expected across all ages
and weights. Collectively, these findings support a weight
category-based dose regimen in children and adolescents
with narcolepsy, with the same initiation regimen of SXB
< 100 mg/kg across children, adolescents, and adults, in-
dividually tailored upward titration, and administration of
SXB at least 2 hours after a meal.

Supporting Information. Supplementary information accompa-
nies this paper on the Clinical and Translational Science website (Www.
cts-journal.com).
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